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ABSTRACT 

Efratom Systems Corporat ion has been p a r t i c i p a t i n g  i n  an 
NBS I n d u s t r i a l  Research Associate Program s ince Ju l y ,  
1981. One o f  the  goals o f  t h i s  program i s  t o  produce new 
and improved small passive hydrogen masers. E f  ratom w i  1 1 
then develop a commercially a v a i l a b l e  f u l l  p roduct ion  
hydrogen maser. 

Th is  paper describes the  design o f  the  new small passive 
hydrogen maser p ro to type and some a n t i c i p a t e d  design 
changes between the  vers ion  repor ted  i n  t h i s  paper and 
t h e  commercial versions. 

Spec i f i ca t i ons  o f  t he  commercial hydrogen maser and 
performance data o f  t he  pro to type are given. 

I1 INTRODUCTION 

This paper describes a program t h a t  has been i n  progress f o r  about a year  
and a h a l f  t o  design, b u i l d  and t e s t  a Compact Passive Hydrogen Maser 
atomic frequency standard, i n  a form su i  tab1 e f o r  q u a n t i t y  product ion,  
w i t h  t h e  goal o f  making t h i s  inst rument  w ide ly  a v a i l a b l e  i n  t he  commercial 
market place. The design i s  der ived from the  extensive technology i n  
passive hydrogen masers, evolved over the  pas t  f i v e  years a t  the  Nat ional  
Bureau o f  Standard by D r .  Fred Wall s and h i s  co-workers. 

Efratom Systems Corporat ion has entered i n t o  t h e  I n d u s t r i a l  Research 
Program w i t h  NBS t o  e f f e c t  the  t r a n s i t i o n  o f  the  l abo ra to ry  accomplish- 
ments t o  the  l e v e l  o f  a p r a c t i c a l  and economical ly p roduc ib le  system. It 
i s  a major o b j e c t i v e  o f  t h i s  program t o  achieve small s i z e  and h igh  r e l i -  
a b i  1 i ty  , whi l e  p reserv ing  the  ex t rao rd ina ry  performance a1 ready demon- 
s t r a t e d  by t h e  NBS passive maser. 

Sys tem design 

F igure  1 shows t h e  o v e r a l l  compact hydrogen maser b lock  diagram. The 
d e s c r i p t i o n  o f  opera t ion  o f  t he  passive hydrogen has been presented i n  
prev ious NBS p u b l i c a t i o n s  [1,2,3,4], t he re fo re  on l y  t he  changes i n  the new 
design w i l l  be described. 
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Phys i cs package 

The primary change i n  the physics package (see f i gu re  2) i s  the use o f  a 
quadrapole magnet as the s ta te  selector .  (The o l d  design uses a hexapole 
magnet.) The use o f  a quadrapole has two advantages. F i r s t ,  i t  permits a 
reduct ion i n  the length o f  the physics package from 36 t o  19.5 inches. 
Second, i t  increases the e f f i c i ency  o f  s ta te  se lec t ion thereby a l lowing a 
reduct ion i n  the f l u x  o f  molecular hydrogen required t o  achieve an accept- 
able s ignal  t o  noise. The use o f  a quadrapole should a l low a t  l eas t  a 
f ac to r  o f  two reduct ion i n  the present H p  consumption rate.  This l a t t e r  
advantage o f  the quadrapole i s  extremely important because i t  has a very 
benef ic ia l  impact on the requirements for  the maser vacuum system and H 
storage, a l lowing a s i g n i f i c a n t  decrease i n  the overa l l  s ize and weight 8 f  
the maser wi thout  s a c r i f i c i n g  re1 i a b i l  i t y .  

Frequency synthesizer 

A new synthesizer was designed f o r  the maser t o  provide f i n e r  output 
frequency adjustment reso lu t ion  than was ava i lab le  w i t h  the commercial 
synthesizer used i n  t-% o l d  design. The new synthp~i izer  can ad just  the 
output 5.0 MHz i n  2x10 steps over a range o f  22x10 

Two synthesizers have been b u i l t ,  and spectral  p u r i t y  and output i s o l a t i o n  
measurements were made w i t h  the f o l  1 owing resu l ts :  

L(f)@ 5 MHz -116 dB @ 1 Hz 
-140 dB @ 10 Hz 
-160 dB @ 100 Hz 

I s o l a t i o n  (Output t o  Output) 119 dB 

Dissociator  

Three d issoc ia tor  ce l l  sizes were t r i e d ,  and i t was found t h a t  a smaller 
c e l l  i s  general ly  more e f f i c i e n t .  A1 so, i f  RF power i s  scaled i n  accor- 
dance w i t h  c e l l  size, there i s  some i nd i ca t i on  t ha t  a small c e l l  may be 
more re1 iable.  

As a r e s u l t  o f  these studies a c e l l  s i ze  o f  19 mm 0. D. by 46 mm long was 
chosen. Once fabr icated,  the pyrex c e l l  i s  annealed f o r  approximately 
e i gh t  hours w i t h  hydrogen f 1 owing through it. 

The d issoc ia tor  e lec t ron ics  i s  a s ing le  t r ans i s to r  se l f -exc i ted  o s c i l l a -  
t o r ,  based on the design used i n  EFRATOM's rubidium o s c i l l a t o r .  High 
e l e c t r i c  f i e l d s  are present before the discharge i s  ign i ted ;  these f i e l d s  
arc s u f f i c i e n t  t o  i g n i t e  the discharge. Once lit, the f i e l d  i n t e n s i t y  i s  
subs tan t ia l l y  reduced and coup1 i ng  t o  the plasma i s  evenly d i s t r i bu ted  
over the c e l l  surface. The nominal D. C. operating power o f  t h i s  c i r c u i t r y  
i s  about 2.0 watts. This low power d iss ipa t ion  has several advantages: 

410 



1) No a c t i v e  c o o l i n g  i s  requ i red  
2) Only about a t h i r d  o f  t h i s  power (. 7 watts)  i s  d i ss ipa ted  i n  t he  
bulb,  therby keeping the  temperature r i s e  low, which should help 
i ncrease 1 i f e  
3) The r e l a t i v e l y  low energy plasma w i l l  keep d e t e r i o r a t i o n  o f  t he  
b u l b ' s  i n s i d e  w a l l  t o  a minimum, thereby increas ing  l i f e  

D issoc ia t i on  e f f i c i e n c y  was measured comparing i n p u t  power t o  atom f l u x  
f o r  var ious  d i s s o c i a t o r  conf i gu ra t i ans .  Measurements o f  atom f l u x  were 
performed us ing  a kapton-plat inum recombinat ion de tec tor  i n  a balanced 
br idge.  Some t e s t  r e s u l t s  a re  shown i n  f i g u r e  4. For f u r t h e r  i n fo rma t ion  
see 151. 

Performance Data 

Figures 3, 5 and 6 show data taken a t  NBS on the  NBS small passive hydrogen 
maser. The pr imary d i f f e rences  between the  NBS maser and the  new commer- 
c i a l  maser (CPHM) are: 

1) CPHM has a new microwave a m p l i f i e r  t h a t  improves noise f i g u r e  by 
about 3.5 dB. This  should improve sho r t  term performance by a f a c t o r  
o f  about -67. 
2) CPHM has the  new frequency synthesizer  
3) CPHM uses a quadrapole s t a t e  s e l e c t o r  w i t h  sho r te r  beam o p t i c s  
4) CHPM has a new hydrogen pressure servo loop which w i l l  d i r e c t l y  
servo hydrogen atom dens i ty  i n  t he  storage bu lb  
5) CPHM has magnetic s h i e l d i n g  around the  source end t o  reduce the  
maser s e n s i t i v i t y  t o  changes i n  ambient magnetic f i e l d  

F igure  3 shows A l l a n  variance data t h a t  was obta ined by comparing the  NBS 
passive hydrogen maser aga ins t  t h ree  o ther  c locks.  The c locks were NBS-4 
(a s tab le  l abo ra to ry  cesium standard) and the  two bes t  commercial cesium 
c locks  i n  the  NBS ensemble. Three-cornered h a t  ana lys is  was performed on 
th ree  s e t s  o f  c locks,  each s e t  having the  maser as one member. The RMS o f  
t h i s  data i s  shown i n  f i g u r e  3. 

It should be noted t h a t  frequency d r i f t  i s  - n o t  removed from the  data. 
Also o ther  measurements o f  the  maser versus the NBS ensemble have n o t  
shown a f l i c k e r  f l o o r  f o r  the  maser, w i t h  da ta  t h a t  extends o u t  t o  t h i r t y -  
two days. 

F igure  5 i s  a p l o t  o f  the  f r a c t i o n a l  frequency d e v i a t i o n  o f  t he  NBS pas- 
s i v e  maser versus NBS-4 f o r  one day averages. Only an average frequency 
o f f s e t  i s  removed from the  data.-li l i n e a r  l e a s t  squares curve f i t  t o  the  
da ta  shows a d r i f t  o f  about 1x10 /day. (Note: the repor ted  accuracy o f  
NBS-6, t he  pr imary frequency s t $ l p r d ,  imp l i es  an a b i l i t y  t o  measure 
absolute frequency d r i f t  o f  3x10 /day f o r  long data sets. Given t h i s  
l i m i t ,  we have n o t  been ab le  t o  f i n d  a measureable d r i f t  i n  t he  maser f o r  
da ta  runs up t o  72 days i n  length . )  



Figure 6 i s  a plot of the time difference between the maser and NBS-4. 
Again, only an average offset frequency has been removed. The peak-to-peak 
deviation for the pair is 10 ns over 38 days. 

Figures 7 and 8 are the preliminary specifications for the commerical 
hydrogen maser. Some of the specifications are derived from data obtained 
on the NBS small passive hydrogen maser. The specifications will be 
updated when more data become available on the CPHM, and the device i s  
mare fully characterized. 
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Specifications 

Output 5.0 MHz Sine wave, 1 Vrrns, SOG, 2 bu f fe red  o u t a u t s  

I s o l a t i o n ( 0 u t p u t  t o  Output) > I10  dB 

Signal  - to-Noise Ra t i o  -113 dB a t  1 Hz 

~ ( f )  a t  5 MHz -135 dB a t  10 Hz 
-155 dB a t  2100 Hz 

Short-Term S tab i  1 i ty ~y = 2x10- l2  r -5 f o r  1s < T 10,000s 

Long Term D r i f t  < l ~ l o " ~ / d a y  (Note 1) 

Max, Frequency Change <_clxlO' I 
Over L i f e  o f  Un i t  

Retrace (Turn O f f ,  Turn On) ~ 5 x 1 0 "  

Temperature C o e f f i c i e n t  <5xlO'l'/"C 

Magnetic F i e l d  S e n s i t i v i t y  1 x 1 0 " ~  L f / f  f o r  C, ex t .  f i e l d  o f  z1  gauss (Note 2 )  

Inpu t  Power (Steady S ta te )  <70 wa t t s  

I n p u t  Vol tages +28 VDC (Note 3 )  

i18 VDC 

+ 9 VDC 

Irlarmup Time n424 hours t o  l o c k  

Opera t i  ng Temperature Range +lO°C t o  + 35°C ( N o t e  4 )  

S i t e  19" rack ,  z 14" h i g h  x 24"  deep 

Weight 60 I b s  - 80 l b s  

A n t i c i p a t e d  L i f e  > 5  years  

FIGURE 7 
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QUESTIONS AND ANSWERS 

MR. SAM WARD, JPL 

Have you any idea as t o  what i s  causing the d r i f t ?  

MR. DIALS: 

Bas ica l l y ,  l i k e  I said, we c a n ' t  f i n d  any l e f t  i n  t h i s  p a r t i c u l a r  u n i t .  

MR. SAM STEIN, NBS 

I j u s t  wanted t o  say t h a t  work has been going on a t  NBS passive masers 
s ince  about 1973, and t h a t  work was supported the  whole t ime by the  
Naval Research Laboratory. 

AUDIENCE : 

What improvement d i d  you f i n d  by rep lac ing  the  hexapole magnet by the  
quadrupole magnet? Did you improve the  e f f i c i e n c y  o f  t he  source? Have 
you expla ined how t h a t  happens. 

MR. DIALS: 

We haven' t  measured t h a t  yet. That p a r t i c u l a r  u n i t  w i t h  the  quadrupole; 
we j u s t  s t a r t e d  l ook ing  fo r  the hydrogen 1 i n e  a couple of weeks ago. 

The reason we d id ,  we expect t o  improve the  o v e r a l l  s ize,  t he  over-  
a l l  l i n k ,  and secondly, we expect t o  improve the  e f f i c i e n c y  and we th ink ,  
based on t a l k s  w i t h  Harry Peters and some o ther  papers, t h a t  we'll buy 
something on the  order  o f  a f a c t o r  o f  two t o  f o u r  improvement on the  
hydrogen 1 i n e  Q. But we have n o t  measured t h a t  y e t ,  

DR. COATES: 

Thank you. 




